BACKGROUND: Diabetes is a major disease burden in India, and we are home to the second largest number of diabetes cases in the world with currently over 72 million cases of diabetes. The reported prevalence of obesity in type 2 diabetes mellitus (T2DM) was 60%-90%. Obesity and overweight pose a major risk for chronic diseases and are considered to be a strong risk factor for the development of T2DM.
Introduction
D iabetes is a major disease burden in India, and we are home to the second largest number of diabetes cases in the world. In 2017, there were over 72 million cases of diabetes in India. [1] Obesity can be defined simply as the disease in which excess body fat has accumulated to such an extent that health may be adversely affected. World Health Organization (WHO) reported that obesity is one of the most common and also the most neglected, public health problems in both developed and developing countries. [2] Obesity is strongly associated with other metabolic disorders, including diabetes, hypertension, dyslipidemia, cardiovascular disease, and even some cancers. [3] It is a major contributor to the type 2 diabetes (T2DM) epidemic where nearly 88% of those with T2DM are considered overweight or obese. Despite the increased risk of poor clinical outcomes and negative impact on the quality of life, only one-half of individuals with diabetes and other chronic conditions receive counseling on diet and/or exercise by their primary care provider. [4] Overweight and obesity have further been linked with poor control of blood pressure, cholesterol, and blood glucose levels among individuals with type 2 diabetes. [5] Overweight and obesity are often determined by calculating the body mass index (BMI). BMI does not reflect body fat distribution, whereas the intraabdominal deposition of adipose tissue is a major contributor to the development of diabetes, hypertension, insulin resistance, and dyslipidemia. [6] Thus, waist circumference (WC) and waist-hip ratio (WHR) have been used as a measure of abdominal fat or central obesity. WC is a convenient and simple measurement that is unrelated to height, correlates closely with BMI and WHR, and is an approximate index of intraabdominal fat mass and total body fat. [2] Hence, in this study, WC is used as a measure of central obesity.
Objectives
1. The objective was to determine the prevalence of obesity among type 2 diabetes mellitus (T2DM) patients and its associated risk factors. assuming that the prevalence of obesity is 28.1%, [7] and that the true prevalence is expected to fall within ± 5% with a confidence level of 95% and with the dropout rate of 15%, using the formula n = 4pq/d 2 . • Sampling method: Simple random sampling. 
Materials and Methods

Method of collection of data
Data collection
Periodic noncommunicable disease camps were conducted within the study areas to identify the known case of T2DM patients. From the identified T2DM patients, the study participants were selected based on the selection criteria. The selected patients were given appointment for reporting at the nearest urban health center which was convenient to the participants. Since fasting samples were to be collected, the participants were advised in writing about the instructions regarding overnight fasting and the time in early morning to assemble at the centers. Data were collected using a predesigned and pretested questionnaire by personal interview method from the participants. Blood samples were collected for the estimation of fasting plasma glucose and postprandial plasma glucose. Informed consent was obtained before data collection.
The questionnaire was designed according to the needs of the present study. It includes questions regarding sociodemographic profile, duration of diabetes, current antidiabetic medications, and other risk factors.
Socioeconomic status
I n f o r m a t i o n r e g a r d i n g p e r c a p i t a i n c o m e (in Rupees/month) was collected, and socioeconomic status was classified using Modified BG Prasad's classification for the study period of 2017 [ Table 1 ].
Monthly Per Capita Income
= Total monthly income of family T Total members of family
A modification was done with the aid of correction factor (CF), which was obtained as below:
As the study period was from January 1, to December 31, 2017, the mean consumer price index for the period was considered.
The average consumer price index for the year 2017 was 274. [ . . 00
Modified BG Prasad's = Per capita family monthly income of 1961 (BG Prasad) × CF
Anthropometric indices
• Height: The participant was asked to stand straight without footwear, with heels, buttocks and back straight, and arms hanging by side. The height was measured from head to heel. The coinciding reading was measured to the nearest 0.1 cm using a metallic measuring tape [9] • Weight: The body weight was measured without any footwear and with minimal clothing to the nearest 0.1 kg using a standard portable adult weighing machine, which was standardized periodically during the study. The scale was adjusted to zero before each session and weight was recorded in kilograms [9] • Calculation of BMI (in Kg/m 2 ): Calculation of BMI (in Kg/m 2 ): Weight in Kg/(Height in m) 2 × 100 BMI calculated was categorized as per the WHO criteria for Asian population [10] • WC: The measurement was made at the approximate midpoint between the lower margin of the last palpable rib and the top of the iliac crest and the participant stands with arms at the sides, feet positioned close together, and weight evenly distributed across the feet. [9] WC ≥80 cm for females and ≥90 cm for males was considered to have abdominal obesity (AO) [10] • Hip circumference (HC): It is the maximum circumference in the horizontal plane measured over the buttocks at the level of greater tubercle. [9] • (WHR): The ratio of WC to the hip circumference <0.85 in females and <0.90 in males was considered normal. [10] • Body fat percentage: Calculated using the formula. [11] • Body fat % for men = ([0.567 × WC in cm] + [0.101 × age in years])-31.8
• Body fat % for women = ([0.438 × WC in cm] + [0.221 × age in years])-9.4 • PBF ≥25% (male) or ≥30% (Female) was considered as obese according to the U.S. National Institutes of Health criterion standards for body fat percent. [12] Glycemic status
The glycemic status was assessed by their fasting blood sugar (FBS) and postprandial blood sugar (PPBS) levels using the hexokinase method.
The glycemic control was graded as:
• Euglycemic if FBS ≤126 mg/dl and PPBS is ≥200 mg/dl • Hyperglycemic if FBS is >126 mg/dl or PPBS is >200 mg/dl. [13] Definitions:
• Hypertension: Defined as systolic blood pressure (SBP) ≥140 or diastolic blood pressure (DBP) ≥90 or known case of hypertension [14] • Generalized obesity (GO): Defined as a BMI ≥25 Kg/m 2 for both genders (based on the WHO Asia Pacific Guidelines) with or without AO [ Table 3 shows the sociodemographic characteristics of Table 5 shows the prevalence of GO, AO, CO, and body fat percentage. Based on BMI, the prevalence of Figure 1 ]. The mean body fat percentage among men was 26.80 ± 7.89 and the mean body fat percentage among women was 43.87 ± 5.98. Table 6 describes various risk factors associated with the types of obesity in the study population. In the present study, it was observed that the proportion of GO and CO was significantly higher among the age group of 41-50 years. The proportion of AO was significantly more among those with the duration of diabetes more than 10 years. GO and CO showed no significant association with the duration of diabetes. AO and CO are significantly associated with the glycemic status of the participants. All three types of obesity showed statistically significant association with the female gender, no physical activity, and hypertension. No significant association was seen with education, SES, type of diet, mode of treatment, tobacco, and alcohol consumption. Table 7 shows multiple logistic regression analysis using GO, AO, and CO as the dependent variables and various risk factors as independent variables. It included all variables with P < 0.05 in the univariate analysis. Female gender and hypertension were significantly associated with GO, AO, and CO. Physical inactivity and hyperglycemic state were significantly associated with AO and CO. The duration of T2DM was significantly associated with AO.
Results
Discussion
The present study aimed to determine the prevalence of obesity among T2DM patients among the urban areas of Belagavi. The distribution of the study participants was such that most of them were between the age group of 41 and 60 years which shows that T2DM was more prevalent among the age group of 41-60 years. This observation was similar to the WHO report which predicts that in India and other developing countries, the highest increase would occur in the age group of 41-60 years. [15] Female-to-male ratio was 1.52:1 in this study. This observation was similar to a study conducted by Bilal Wani et al. who reported that prevalence of diabetes among women was higher than in men with the ratio of 1.41:1. [16] The prevalence of GO based on BMI was 58.68%. The mean BMI of the study participants was 25.89 Kg/m 2 . Study conducted in Warangal reported 59.2% of overweight and obese which is in par with our study. [15] Another study conducted in Bangalore reported 73% obesity with the mean BMI 26 Kg/m 2 . [17] Similar observation to our study was made in a study conducted by 
Conclusions
In the present study, it can be concluded that the prevalence of GO, AO, and CO among T2DM patients were 58.68%, 81.84%, and 53.42%, respectively. Furthermore, all three types of obesity were more prevalent among females and among those with hypertension. AO and CO were significantly associated with physical inactivity and glycemic status. Thus, AO appears to be a better indicator of diabetic risk than BMI. Combination of a low-calorie diet, increased physical activity, and behavioral therapy as the first-line intervention for weight loss should be stressed in the management of diabetes mellitus. Weight reduction using lifestyle modification with or without pharmacotherapy is important in reducing the risk of developing diabetes and improving metabolic control in obese patients with type 2 diabetes.
Financial support and sponsorship
Nil.
Conflicts of interest
There are no conflicts of interest. [18] The prevalence of abdominal/central obesity assessed by WC was 81.84% in our study. "Asian Indian phenotype" is characterized by less of GO (measured by BMI) and greater central body obesity as shown by greater WC. Our study supports this hypothesis. In a study done in a rural area of Mangalore district of Karnataka showed higher central obesity prevalence (90.63%) when compared to BMI. [19] The prevalence of CO (GO and AO) in our study was 53.42%. Undavalli et al. reported that the prevalence of GO, AO, and CO was 56%, 71.2%, and 51.3%, respectively, which was similar to our observations. [20] The prevalence of obesity due to body fat percentage in our study was 85.5%, and the mean body fat percentage among males and females was 26.8 ± 7.89 and 43.87 ± 5.98, respectively. The findings of our study were on par with the study conducted by Ahmad Shirafkan et al. which reported body fat percentage among males and females as 31.55 ± 6.00 and 43.21 ± 5.31, respectively. [6] In our study, we had observed a significant gender difference in the prevalence of all types of obesity (GO, AO, and CO). A high prevalence of obesity was noted in females than in males. These results are in accord with those reported from both in general population and among patients with T2DM conducted in India, [3, 19, 20] Iran, [6, 21] Tanzania, [5] and Saudi Arabia. [22] The present showed that the prevalence of GO, AO, and CO was high among those with hypertension. This observation is in line with the findings of the study conducted by Pradeepa et al. [3] Our study reported that GO is significantly associated with female gender and those with hypertension, whereas AO and CO were associated with female gender, hypertension, physical inactivity, and glycemic status (hyperglycemia). Our study supports the arguments, WC as a better indicator of health risk than BMI. WC has been suggested as more practical measure of intraabdominal fat mass and total body fat. The Framingham study suggested that the WC predicted mortality better than other anthropometric measures. [23] Another study showed that the change in waist was a better predictor of the change in visceral adipose tissue. [24] WC captures information on general as well as abdominal obesities including both abdominal subcutaneous fat and visceral adipose. [25] 
